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REMARKS 

Applicants have carefully considered this Application in connection with the Examiner's 
Action, and respectfully request reconsideration of this Application in view of the above 
Amendment and the following remarks. 

Applicants have amended the Specification at . 

Applicants have amended Claims 1, 1 1, 76, and 86. Applicants have cancelled Claims 2, 3, 
77, and 78. Applicants have added new Claims 137 and 138. 

Claims 1 and 76 have been amended to clarify that the vector is delivered into either the 
diploid or the muscle cells of the female animal. Support for this amendment can be found in the 
Specification at paragraphs 15 and 20, as well as in the original disclosure of cancelled Claims 2, 3, 
77, and 78. 

Claims 1 1 and 86 have been amended to clarify that the vector can be a plasmid or a viral 
vector. Support for this amendment can be found in the Specification at paragraphs 15 and 20. 
Applicants have also added new Claims 137 and 138, which provide that the vector can be 
formulated with a liposome, a cationic lipid, or a combination thereof. Support for this amendment 
can be found in the Specification at paragraphs 15 and 20. 

Pending in the application are Claims 1 - 13, 76 - 88, and 137 - 138. 

1. Notice to Comply with Requirements for Patent Applications Containing Nucleotide 
Sequence And/Or Amino Acid Sequence Disclosures 

The Examiner has held that the amino acid sequences in Figure 1 of the application do 
not comply with the Requirements for Patent Applications Containing Nucleotide Sequence 
And/Or Amino Acid Sequence Disclosures. Specifically, the Examiner held that the application 
fails to comply with C.F.R. 1.821(d). 
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In response, Applicants have amended the brief description of figures to include sequence 
identifiers. More specifically, paragraph [0025] has been amended to include the phrase "SEQ 
ID NO: 1" to identify the porcine wild type (1-40)OH amino acid sequence, and the phrase "SEQ 
ID NO: 8" to identify the analog HV-GHRH in Figure 1 A. 

Applicants believe that the amended paragraph [0025] places the application in 
compliance with the sequence rule C.F.R. 1.821(d). There is no need to submit an amended 
substitute computer readable or paper copy of the "sequence listing.^ The reason is that both 
"SEQ ID NO: 1" and "SEQ ID NO: 8" were already included in the most recent sequence listing 
submitted to the Patent Office on July 12, 2002, under the Statement Under 37 C.F.R. § 1.821 
(F). 

2. fiejectiQqs Updqr 3? U f jS t C f §^2 
A. Enablement 

Claims 1-13 and 76 - 88 stand rejected under 35 U.S.C. §112, first paragraph, for being 
non-enabled. The Examiner asserts that the claimed invention encompasses in utero gene therapy, 
which is unpredictable, and that the specification does not provide sufficient guidance. 

Applicants respectfully assert that the claims as amended are fully enabled and that the 
effectiveness and utility of the claimed methods are established in the Specification and are not at 
issue. As noted above, Applicants have amended the claims to clarify that the vector is delivered 
into either diploid or muscle cells of the female animal. Thus, the claims as amended do not pertain 
to "i/i utero gene therapy" because the vector must be delivered into diploid or muscle cells of the 
female animal. 

"In utero" gene therapy," as described by gene therapy pioneer W. French Anderson, is : "to 
transfer a therapeutic gene into a child with a genetic." See, "NIH Committee Debates Future of 
In Utero Gene Therapy," HSC Weekly, Volume 4, Issue 26, September 25, 1998, page 1, 6 th 
paragraph, a copy of which is attached as Exhibit 1. In a review article by E. D. Zanjani and W. 
French Anderson, the authors described "in utero gene therapy ("IUGT")" as "gene transfer in the 
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fetus . . . See "Prospects for In Utero Human Gene Therapy," Science, Vol. 285, page 2084, first 
column, 24 September 1999, a copy of which is attached as Exhibit 2. Thus, "in utero gene 
therapy" DOES NOT encompass the broad definition given by the Examiner, which is: "any 
nucleic acid linked to any promoter and any 3' UTR is introduced into any animal at any time 
(before, after or during pregnancy) by any method/route so as to increase growth of the 
offspring." See Office Action, page 2, last four lines. In fact, under the broad definition given in 
the Office Action, a mother's better nutrition or consumption of food prior to, after, or during 
pregnancy, which better nutrition or consumption of food positively correlates with higher birth 
weights and increased growth of offspring, would be a form of "in utero fetal gene therapy." The 
reason is that food contains highly variable quantities of genomic material (i.e. any nucleic acid 
linked to any promoter and any 3 'UTR) and is introduced into the mother at any time, before, after, 
or during pregnancy, by any method or route. This broad interpretation of "in utero fetal gene 
therapy," of course, cannot be correct. 

The current claims, as amended, do not encompass "in utero gene therapy." Plasmids are 
not being delivered to the fetus. Rather, plasmids are delivered to either diploid or muscles of the 
female animal whose expression of the delivered nucleic material improves the growth and health of 
the offspring. 

The Examiner asserts that Khan et al., Endocrinology (2002) and Khan et al, Amer. J. 
Physiol (2003), which were both published after the filing date of the current application, 
demonstrate that "[b]oth the pigs and the rat offspring showed enhanced growth and muscle 
hypertrophy." See Office Action, page 3, last 2 lines. 

Applicants respectfully disagree. As clearly shown in Khan et al., Endocrinology (2002), the 
rats had increased body weights to 10 weeks of age, but by 24 weeks of age the difference was no 
longer significant {see Results, page 3562). Also, as far as the muscle hypertrophy was concerned, 
only female offspring had muscle hypertrophy maintained for 24 weeks, but not males which have 
higher testosterone levels. The data point towards a faster maturation of the rat offspring that stays 
within PHYSIOLOGICAL stimulation of the GHRH axis and not to an unpredictable "in utero gene 
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therapy." As shown in Khan et al., Amer. J. Physiol (2003), offspring of treated sows are heavier 
from birth to slaughter, within physiological variability. There is no description of muscle 
hypertrophy in the pigs. 

The Examiner also asserts that "there is no way of controlling the expression of the gene and 
therefore delivery of the protein to the fetus could not be controlled and as seen this would lead to 
muscle hypertrophy in the offspring which may not be desirable in a human subject." See Office 
Action, page 4, lines 4-8. 

Again, Applicants respectfully disagree. First, there is no data presented in the Specification 
which indicates that this therapy would have the effect of muscle hypertrophy on a human. Second, 
Applicants respectfully point out that in Khan et al., Amer, 1 Physiol (2003), a study of the 
circulation of the injected plasmid was undertaken. As clearly shown, plasmid does not circulate 
from the injection point, and all samples from sow's milk, colostrums, amniotic fluid, and placenta, 
and from offspring liver were negative for the presence of plasmid. Thus, the study indicates that no 
plasmid crosses to the fetus, so the therapy is not and cannot be , an "in utero fetal gene 
therapy." Rather, although not wanting to be bound by the postulation, Applicants postulated that 
physiologic feed-back mechanisms in the mother control the levels of GHRH that could arrive to the 
fetus, making precise control of plasmid transcription unnecessary. 

The Examiner has also cited Stribley et al., Fertility and Sterility (2002) ("Stribley"), to 
demonstrate the "significant problems" and "challenges" of gene therapy and to assert that it was not 
routine in 2002. In particular, the Examiner cites Table 1 of Stribley. However, Applicants 
respectfully point the Examiner's attention to the Specification's evidence of the utility and 
effectiveness of the claimed methods. Applicants have addressed the "challenges" of Stribley' s 
Table 1. An appropriate gene was chosen: GHRH. An appropriate method of delivery was used: 
intramuscular injection followed by electroporation. Transfection was achieved for the target period 
of time, which was 30-50 days. In addition, the GHRH axis is naturally regulated by feed-back 
mechanisms at multiple levels. There were no adverse effects on the treated animals and their 
offspring. In all treated animals in the studies described in the Specification, published studies, and 
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hundreds of other animals enrolled in different studies, no adverse effects linked to the plasmid were 
observed. Furthermore, the results with this therapy are better than conventional therapies. The 
offspring from treated animals are slightly bigger at birth, thus more resistant to disease or other 
challenges. GHRH positively impacts the offspring immune function, and thus these animals are 
healthier. No antibiotic treatments or growth promotants are necessary. Lastly, feed efficiency is 
improved, so these animals are generating less manure, with positive impact on the environment. 

In addition, the claimed technique does not require viral vectors, such as adenoviruses, 
retroviruses, or adeno-associated viruses which are discussed at length in Stribley. Furthermore, 
Stribley does not entirely rule out the feasibility of direct DNA delivery. Stribley states at page 65 1 , 
second paragraph that for direct DNA delivery, "[s]o far, the tissue exhibiting the highest success is 
muscle." And despite the fact that the vectors, target tissue, conditions, etc., are not known for many 
situations, Stribley quotes on page 652 that under "clinical applications of gene therapy," children 
with a severe combined immunodeficiency have recently been successfully cured using a gene 
therapy technique. Stribley also clearly establishes that "in utero fetal gene therapy" means the 
administration of a gene therapy vector directly to the fetus and not to the mother of the fetus. See 
Stribley at page 652, column 2. 

The Examiner has also cited Anderson, Nature (1998) as indicating that "the efficiency of 
gene transfer and expression in human patents is, however, still disappointingly low." See Office 
Action, page 5, first full paragraph. Anderson underlines a problem that existed when the article was 
published, that of low efficacy of gene transfer that cannot ensure physiologic levels of a circulating 
protein, enzyme or hormone capable of restoring normal levels in a human patient. Applicants 
respectfully assert that the Examiner has ignored the evidence regarding the effectiveness^ the 
current therapy which are included in the Specification. The Examples demonstrate that the claimed 
methods overcome this very problem, by using direct plasmid injection intramuscularly followed by 
electroporation. In the cited article, Dr. Anderson underlines that fact that "although viral systems 
are potentially very efficient, two factors suggest that non- viral (i.e. plasmid DNA) gene delivery 
systems will be the preferred choice in the future: safety and ease of manufacturing." See page 28, 
in the "non-viral vectors" paragraph. Furthermore, the levels of circulating GHRH necessary to 
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obtain physiological stimulation of the GHRH axis, and beneficial effects on the offspring are very 
low when compared with other peptides. Thus, using the methods presented in the Specification, 
stable levels of GHRH at a physiological concentration are ensured. 

Romano et al, Stem Cells (2000) ("Romano") is also cited by the Examiner as discussing the 
"unpredictability with the issues of vectors, promoter, route of administration." See Office Action, 
page 5, last three lines. In Romano, however, the authors emphasize different aspects of gene 
therapy using viral vectors targeted to infectious diseases, in particular HIV/AIDS. Furthermore, on 
page 20, second column, second paragraph, the author clearly defines "wi utero gene therapy" as 
"another line of intervention" that was recently proposed. "These clinical trials envisage the 
treatment and/or prevention of certain inherited genetic disorders, which may have catastrophic 
outcomes in children." However, as noted above, the claimed methods of the present application do 
not pertain to "in utero gene therapy," and in particular they do not pertain to the treatment or 
prevention of certain inherited genetic disorders. 

In light of the Amendment and the remarks above, Applicants' claimed methods DO NOT 
pertain to "in utero gene therapy." Applicant's claimed methods are also supported by 
sufficient evidence and actual working examples in the Specification to show their 
effectiveness. Thus, despite the Examiner's concerns (based on theories) and the number of cited 
references (none of which is identical to the invention of the present application) , for which 
Applicants are grateful, the Specification and the actual working examples therein demonstrate 
that the claimed methods do work as claimed and are enabled. 

For these reasons, Claims 1-13 and 76 - 88 are patentable under 35 U.S.C. §112, first 
paragraph. 

B. Indefiniteness 

Claims 1 1 and 86 stand rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite. 
The Examiner asserts that it is unclear as to how a vector could comprise a liposome or lipid. 
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Applicants have amended Claims 1 1 and 86 above to clarify that the vector can be a plasmid 
or a viral vector. Applicants have also added new Claims 137 and 1 38, which specify that the vector 
can be formulated with a liposome, a cationic lipid, or a combination thereof. 

In light of the above Amendment, Applicants respectfully assert that Claims 1 1 and 86 are 
patentable under 35 U.S.C. §112, second paragraph. 

3. Conclusion 

Applicants respectfully submit that, in light of the foregoing Amendment and comments, 
Claims are in condition for allowance. A Notice of Allowance is therefore respectfully requested. 

If the Examiner has any other matters which pertain to this Application, the Examiner is 
encouraged to contact the undersigned to resolve these matters by Examiner's Amendment where 



possible. 



Respectfully submitted, 




T. Ling Chwang 
Registration No. 33,590 
JACKSON WALKER L.L.P. 
2435 North Central Expressway, #600 
Richardson, TX 75080 
Tel: (972)744-2919 
Fax: (972)744-2909 
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USC gene therapy pioneer W. French Anderson is ready to explore a new frontier in genetic medicine - correcting 
genetic disorders before children are even born. 

Anderson, professor of biochemistry and molecular biology and director of the USC Gene Therapy Laboratories, and 
his colleagues have submitted the first proposals to do in utero gene therapy to the Office of Recombinant DNA 
Activities at the National Institutes of Health. 

Although this marks one of the first steps toward the approval of clinical trials, the submission of the so-called pre- 
protocols is simply meant to initiate discussion and is not considered part of a formal approval process. 

The proposals, to be discussed at the Sept. 24 and 25 meeting of the national Recombinant DNA Advisory Committee 
(RAC), outline Anderson's aim to develop clinical protocols to use bio-engineered viral vectors to cure genetic diseases 
before birth. 

The committee will discuss the scientific, ethical and public policy issues related to attempts at in utero gene therapy, 
with Anderson's pre-protocols taking center stage. 

"This is something that's never been attempted, but the success of our large animal experiments suggests it may be an 
effective and relatively safe way to transfer a therapeutic gene into a child with a genetic disorder," said Anderson, who 
was at the NIH campus to discuss the matter this week. 

"At this point, we're not asking for any kind of approval," said Anderson, who characterizes the proposals as 
"conservative and facts-only statements backed up with a lot of data." 

"We are still two to three years away from requesting approval to use an in utero technique in a patient. We just want to 
open up the public discussion," Anderson said. He notes that reviews of the proposals from other scientists and ethicists 
have been surprisingly favorable. 

"This is very different from the situation 10 years ago. When we initially put out our idea to do the first gene therapy 
trial in 1987, all 14 of our reviews were extremely negative. This time, all 18 reviews were supportive. Some even 
thanked us for putting it out there," he said. 

"I want to thank Dr. Anderson and his colleagues for submitting these drafts to the RAC. I applaud the effort to solicit 
as much public and peer discussion at this early stage as possible," wrote Claudia Mickelson, a scientist at 
Massachusetts Institute of Technology and chair of the RAC, in her review. "Dr. Anderson's willingness to open the 
discussion on the use of gene transfer in this patient population is quite audacious," she wrote. 

Anderson has developed a new generation of improved gene therapy delivery tools that he thinks will allow more 
efficient gene transfer. As well, it may be that doing gene therapy on a fetus could work better than on children or 
newborns. That is because the viral-derived vectors carrying the corrective gene can only enter dividing cells, and the 
cells of the rapidly developing fetus divide often. 

The pre-protocols also raise the possibility that doing gene therapy in utero could increase the chance of genetically 
file://C:\Documents%20and%20Sett^ 11/04/2004 
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Although that is not the goal of the proposed therapy, that potential does bring up the issue the safety and desirability of 
germline engineering, an item sure-to-be debated at the meeting. 

The pre-protocols deal with genetic disorders both of which have been linked to dysfunction in a single gene. Some 
cases of severe combined immunodeficiency (SCID) - commonly known as the bubble baby disease - are caused by a 
flaw in the gene that encodes for adenosine deaminase (ADA) and leaves a child without a functional immune system. 

The rare, often fatal disorder caused by an ADA-deficiency was the first disease in which gene therapy was attempted, 
in 1990, by Anderson. In 1993, USC faculty at Childrens Hospital Los Angeles performed the first gene transfer into 
the blood stem cells isolated from the umbilical cord in newborn patients with this same disease. 

Anderson proposes to inject a corrective ADA gene attached to an improved retroviral vector into a fetus early in the 
second trimester. 

Also proposed is a genetic treatment for alpha-thalassemia, a very common genetic disease that, in the most severe 
cases, results in death in the womb. The disease results from defects in the alpha forms of hemoglobin, the oxygen- 
carrying molecules of the blood. 

For this procedure, Anderson proposes delivering gene therapy to blood stem cells taken from the fetus. These 
transformed stem cells would then be re-introduced into the developing fetus, where they would help repopulate the 
body with gene-corrected blood cells. 

Previous story 
Next story 
Se ptember 25, 1998 Issue Index 
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ABSTRACT 

To explore the feasibility of adenoviral (Ad)-mediated gene transfer to the human placenta, we examined the ability of two recombinant 
Ad vectors to transduce isolated human cytotropho blast cells and two choriocarcinoma cell lines (BeWo and JEG-3, which have different 
potentials to undergo morphological differentiation in response to cAMP). Recombinant Ad efficiently transduced cytotrophoblast cells. 
However, there was a marked reduction in the transduction efficiency of these vectors after the terminal differentiation of the mononucleate 
cytotrophoblasts into multinucleate syncytial trophoblast. BeWo and JEG-3 cells were readily transduced with the recombinant Ad, but a 
striking reduction in transduction efficiency of the Ad vector was observed in BeWo cells following cAMP-stimulated cellular differentiation, 
which includes cell fusion to form syncytia. In contrast, JEG-3 cells, which are not induced to fuse in the presence of cAMP, did not show 
a reduced transduction efficiency when exposed to the cyclic nucleotide. Reporter gene copy number increased with Ad-mediated gene 
transfer into undifferentiated Bewo cells but was low in cells that had been previously exposed to cAMP. In contrast, both undifferentiated 
and cAMP-treated BeWo cells were capable of expressing a reporter gene when transfected with an Ad-based plasmid. Taken together, 
these results demonstrate that the reduction in transduction efficiency of the Ad vectors in cAMP-treated BeWo is the result of reduced 
infectivity rather than of a reduction in the transcription/translation efficiency of the exogenous genes. Our findings demonstrate that 
recombinant Ad vectors will not be useful for the transfer of genes into differentiated trophoblast cells because these cells are resistant 
to Ad infection. This may limit the utility of Ad-based vectors for placental gene therapy. However, we have documented that less-differ- 
entiated trophoblast cells are susceptible to Ad-mediated gene transfer. Our observations also suggest a mechanism by which differen- 
tiated human trophoblast cells resist Ad infection and prevent fetal infection by maternally derived Ad. 



INTRODUCTION 

The placenta plays a central role in supporting fetal 
growth [1-31. It is the site of transfer of respiratory gases, 
nutrients, and waste products between the fetal and mater- 
nal systems; it serves as a barrier against pathogens and the 
maternal immune system; and it is an active endocrine or- 
gan secreting hormones, growth factors, and other bioactive 
substances. 

The epithelial cells of the placenta are derived from the 
trophectoderm of the blastocyst [4, 51. Upon implantation in 
the human, the mononucleate cytotrophoblast cells rapidly 
divide, invade the endometrium, and subsequently differ- 
entiate [61. The morphological and functional differentiation 
of the cytotrophoblast stem cells ends with the formation of 
the multinucleated syncytial trophoblast of the chorionic villi. 

In the human, failure of placentation and placental in- 
sufficiency can have severe consequences for the health of 
the mother and fetus. For example, abnormalities in tro- 
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phoblast invasion may cause preeclampsia, a disease as- 
sociated with significant maternal and fetal morbidity and 
mortality [7-91. Inadequate placental function, which fre- 
quently accompanies preeclampsia, leads to intrauterine 
growth retardation [10]. Currently, the medical therapies 
available for treatment of preeclampsia and other disorders 
of placental function are limited and often ineffective [111. 
The development of strategies for gene therapy of the pla- 
centa could provide an alternative for the therapeutic man- 
agement of placental dysfunction. 

Replication-deficient recombinant adenoviruses (Ad) rep- 
resent a gene delivery system that could be used to transfer 
exogenous genes into placental cells. Recombinant Ad vec- 
tors have been used to introduce genes efficiently into a wide 
variety of tissues and cell types in vitro and in vivo [12-191. 
In addition, Ad has low pathogenicity in humans, can accom- 
modate relatively large segments of DNA (up to 7.5 kb), and 
can transfer genes into nonproliferating cells [20-22]. 

We used two recombinant Ad vectors containing model 
genes to explore the ability of Ad vectors to transfer genes 
into human placental cells. The first, Ad.CMV/acZ, is a re- 
combinant Ad vector containing the Escherichia coli LacZ 
gene, coding for the intracellular protein p-galactosidase (0- 
gal) [231. This construct was used to examine the transfer 
efficiency of a gene coding for an intracellular protein and, 
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in parallel, to identify those cells that can be modified by 
an exogenous gene. The second recombinant Ad vector, 
Ad.CMVVZZ)!/?, contains the human very low density lipo- 
protein (VLDL) receptor (VLDLR) cDNA that mediates the 
binding and internalization of VLDL as well as other ligands 

• [24, 25). This construct was used to evaluate the ability of 
the Ad vector to modify cells with a gene coding for a pro- 
tein expressed on the cell surface that is potentially involved 

* in lipid transport in the placenta [26]. 

MATERIALS AND METHODS 

Cell Preparation and Culture 

Cytotrophoblast cells were prepared from human term 
placentas as previously described by Kliman et al. [27]. This 
method, which utilizes serial trypsin-DNase digestions fol- 
lowed by Percoll gradient centrifugation to purify cells, 
yields a highly enriched preparation of cytotrophoblasts. Af- 
ter isolation, these cells were cultured in Dulbecco's Mod- 
ified Eagle's Medium (DMEM) containing 25 mM glucose, 
25 mM Hepes, and 50 jig/ml gentamicin and supplemented 
with 10% heat-inactivated fetal calf serum (FCS). 

JEG-3 choriocarcinoma cells (American Type Culture 
Collection, Rockville, MD) and the b30 clone of BeWo cells 
(a gift from Dr. A.I. Schwartz, Washington University, St. 
Louis, MO) were maintained in the culture medium de- 
scribed above. 

Recombinant Ad Vectors: Ad.CMVlacZ and Ad.CMWLDLR 

The production of the replication-deficient Ad vectors by 
homologous recombination techniques has been described 
in detail elsewhere [20, 21). Briefly, the vectors were con- 
structed from an adenovirus type 5 mutant that lacks most 
of the viral sequence regions Ela and Elb and a portion of 
E3. By homologous recombination techniques, either E. coli 
LacZ cDNA or the human VLDL receptor cDNA, driven by 
the human cytomegalovirus (CMV) promoter, was inserted 
into the viral genome. 

Large-Scale Production, Purification, and Titration of 
Ad.CMVlacZ and Ad.CMWLDLR 

Ad stocks were propagated as previously described by 
Engelhardt et al. [231. Briefly, human embryonic kidney 293 
cells were grown to 90% confluency in 150-mm culture 
dishes containing DMEM supplemented with 10% FCS. At 
the time of infection with the recombinant Ad vectors (1 X 
10 10 viral particles per plate), the culture medium was re- 
placed with DMEM containing 2% FCS. Thirty-six hours after 
infection, immediately before the cytopathic effect was 
complete, the cells were scraped and pelleted by centrifu- 
gation at 4000 X g for 20 min at 4°C The cell pellet was 
freeze-thawed three times and subjected to centrifugation 
at 3000 X g for 10 min at 4°C. The supernatant, which con- 



tained the virus, was layered onto a discontinuous CsCl gra- 
dient and subjected to ultracentrifugation at 50 000 X g for 
4 h at 4°C. The collected viral band was subjected once 
more to the same gradient centrifugation for 15 h at 4°C 
The collected viral band was desalted in a Sephadex G25 
column (Pharmacia, Piscataway, NJ). The viral concentra- 
tion was determined by spectrophotometry (at 260 nm). 

Plasmid Vector: pAd.CMVlacZ 

The reporter gene sequence of p-gal was placed into a 
cassette in the intermediate plasmid vector, pAd.Bglll, un- 
der the control of the CMV enhancer and promoter [28]. By 
this means, the promoter and reporter gene were flanked 
by the origin of replication and packaging sequence of the 
human type 5 Ad. Plasmid DNA amplification and purifi- 
cation were performed using standard techniques [291. 

Dil-Labeling of VLDL 

Human VLDL (d = 1.006-1.018 mg/ml) was labeled 
with 3',3'-dioctadecylindocarbocyanine percolate (Dil) 
through use of methods described by Xu et al. [30]. Briefly, 
1.56 mg of VLDL protein was incubated in 3 ml of lipopro- 
tein-deficient plasma containing 75 nl of Dil dissolved in 
dimethyl sulfoxide (3 mg Dil/ml) for 12 h at 37°C. The vol- 
ume was then adjusted to 12 ml with saline; next, the den- 
sity was adjusted to 1.02 g with KBr. Dil-labeled VLDL was 
re-isolated by ultracentrifugation at 49 000 X g at 4°C for 20 
h. The dil-labeled VLDL fraction was removed and dialyzed 
against saline for 24 h at 4°C. 

Gene Transfer into Choriocarcinoma Cells 

Ad-mediated gene transfer into choriocarcinoma cells 
was evaluated by detection of vector-specific protein ex- 
pression. To accomplish this, JEG-3 and BeWo cells were 
cultured in 35-cm 2 plastic dishes (Falcon, Becton Dickin- 
son, Lincoln Park, NJ). At 50-60% confluency (approxi- 
mately 2 X 10 6 cells), the cells were infected with 1 X 10 4 , 
2 X 10 4 , or 4 X 10 4 viral particles per cell of either 
Ad.CMV/acZor Ad.CMWLDLR. 

To detect expression of p-gal, 48 h after exposure to the 
recombinant Ad vectors, the cells were fixed and stained 
with the P-gal substrate, X-gal (5-bromo-4-chloro-3-indolyl- 
P-D-galactosidase), as previously described [31]. With this 
technique, the presence of P-gal activity is indicated by a 
blue stain that is present in cells in which gene transfer and 
expression have been successful, 

Immunohistochemistry was used to evaluate the ability 
of Ad-mediated gene transfer to elevate the levels of VLDLR 
expression. BeWo cells were cultured on 22 X 22-mm glass 
coverslips placed in 3.5-cm 2 culture dishes before being in- 
fected with 4 X 10 4 viral particles per cell of either 
Ad.CMVlacZ or Ad.CMWLDLR. Forty-eight hours after in- 
fection, the cells were fixed with 2% paraformaldehyde and 
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FIG. 1. Expression of p-gal in BeWo cells after transduction by either 4 x 10 4 particles per cell of Ad.CMVW.DZJ? or 1 x 10 4 particles per cell, 2 x 10 4 viral particles per 
cell, or 4 x 10 4 viral particles per cell of Ad.CMVtecZ 



0.2% glutaraldehyde in PBS for 30 min at room temperature. 
Immunohistochemistry was performed by means of rabbit 
antiserum directed against human VLDLR as previously de- 
scribed by Wittmaack et al. [26]. Sequential incubations 
were performed according to the method of Cartun and 
Pedersen [32] and included 10% normal horse serum for 30 
min, primary antiserum at 37°C for 1 h, secondary biotiny- 
lated antibody at 37°C for 45 min, streptavidin-biotinylated 
horseradish peroxidase complex reagent at 37°C for 30 min, 
and three 5-min washes in PBS. The cells were then ex- 
posed to chromogen reaction solution (0.035% diaminob- 
enzidine and 0.03% HjO^ for 10 min, washed in tap water 
for 5 min, counterstained in hematoxylin, dehydrated, 
cleared, and mounted. 

To determine whether transduced BeWo cells were ca- 
pable of binding and internalizing increased amounts of 
VLDL, cells that had been infected with 4 X 10 4 viral par- 
ticles per cell of either Ad.CMV lacZ or Ad.CMV VLDLR for 
48 h were incubated with 60 ug of Dil-labeled VLDL per 
dish as described by Xu et al. [30]. Briefly, the cells were 
washed three times with PBS before being incubated with 
Dil-labeled VLDL in DMEM containing 0.5% BSA for 60 min. 
After five further washes with PBS, the uptake of Dil-labeled 
VLDL by transduced BeWo cells was examined by fluores- 
cent microscopy. To perform competitive uptake studies, 
the cells were incubated with 50 ug of unlabeled VLDL per 
dish for 5 min before addition of the Dil-labeled VLDL. Sixty 
minutes after addition of the Dil-labeled VLDL, the cells 
were washed and examined for VLDL uptake. Cells infected 
with Ad.CMV/a cZ were used as controls. 

To examine the correlation between the transduction ef- 
ficiency of the Ad vectors and cellular differentiation, BeWo 
and JEG-3 cells were cultured in the presence or absence 
of 8-bromo-cAMP (1.5 mM). Cells were infected with 4 X 
10 4 viral particles per cell of the Ad vectors at 0, 24, or 48 h 



after the addition of cAMP to the culture medium. Forty- 
eight hours after infection, the cells were fixed and stained 
with X-gal. 

In order to determine whether the reduced transduction 
efficiency of the Ad vectors following cAMP-induced cel- 
lular differentiation was the result of a reduction in infectiv- 
ity and/or a reduction in transcriptional/translational effi- 
ciency, BeWo cells were cultured in the presence or 
absence of 8-bromo-cAMP (1.5 mM) for 24 h prior to infec- 
tion with 4 X 10 4 particles per cell of Ad.CMV lacZ. Imme- 
diately or 24 h after infection, the cells were washed three 
times with PBS and subjected to trypsin digestion for col- 
lection of cells and removal of cell surface-associated virus. 
The cells were then pelleted by centrifugation at 3000 X g 
for 10 min. 

DNA was extracted from the cell pellets according to the 
method of Gross-Bellard et al. [33). Briefly, the cell pellets 
were incubated with proteinase K (0.5 mg/ml) in 50 mM 
Tris-HCl (pH 8.0), 100 mM EDTA, 100 mM NaCl, 1% SDS for 
16 h at 65°C. The DNA was subsequently extracted two 
times with equal volumes of buffered phenol/chloroform. 
DNA was precipitated with 2 volumes of ethanol, pelleted 
at 12 000 X g for 10 min, rinsed in 70% ethanol, and air 
dried. The DNA pellet was rehydrated in 100 ul of water 
and quantified by spectrophotometry. Aliquots of 40 fig of 
DNA were separated by electrophoresis on a 1% agarose 
gel and transferred by standard Southern blot procedures 
[291. After transfer, the blot was probed with a 300-bp frag- 
ment of the plasmid p Ad. CMVlacZ according to the meth- 
ods described by MacCalman and Blaschuk [34]. 

To examine the transcriptional/translational efficiency of 
pAd.CMV/acZ with respect to cellular differentiation, BeWo 
and JEG-3 cells were cultured in the presence or absence 
of 8-bromo-cAMP (1.5 mM). At 0, 24, or 48 h after the ad- 
dition of cAMP to the culture medium, cells were washed 
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twice with serum-free DMEM. The cells were then incu- 
bated in 1 ml of serum free-medium containing 2 \ig of plas- 
mid with 10 ng lipofectamine (Gibco/BRL, Grand Island, 
NY). After a 5-h incubation, 1 ml of culture medium con- 
taining 20% FCS was added to the cells. At this stage, cAMP 
was added back to the culture medium of cells that had 
been previously treated. Forty-eight hours after transfection, 
the cells were fixed and stained with X-gal. 

Gene Transfer into Tropboblast Cells 

Freshly isolated cytotrophoblast cells were seeded at 
a density of 2 X l(r cells per 2.5-cm 2 culture dish. After 
12, 36, or 60 h of culture, the cells were infected with 
Ad.CMVlacZ at a concentration of 4 X 10 4 viral particles 
per cell. Forty-eight hours after infection with the Ad vector, 
the cells were fixed and stained with X-gal. 

All experiments were repeated on at least two separate 
occasions with different recombinant Ad preparations. 

RESULTS 

Choriocarcinoma Cells Are Readily Transduced by 
Recombinant Ad Vectors 

There was a dose-response relationship between the 
number of viral particles added per cell and the transduction 
of both BeWo cells (Fig. 1) andJEG-3 cells (data not shown). 
The number of stained cells, as well as the intensity of stain- 
ing, was greatest in cells infected with 4 X 10 4 viral particles 
per cell. A cytopathic effect was not observed at any of the 
virus concentrations used in this study. X-gal staining was 
not observed in cells infected with 4 X 10 4 viral particles 
per cell of Ad.CMV VZDI/?, demonstrating that endogenous 
P-gal activity makes no significant contribution to the X-gal 
staining. 

To test the ability of the recombinant Ad vectors to deliver 
a functional gene that could be involved in placental nutrient 
transport, we examined VLDLR expression in transduced 
BeWo cells using immunohistochemistry. Using a specific 
polyclonal antipeptide antibody directed against human 
VLDLR, we observed modest peroxidase staining in BeWo 
cells transduced with Ad.CMVlacZ, reflecting endogenous 
VLDLR expression (Fig. 2). The staining was substantially 
more intense in BeWo cells transduced by Ad.CMV VLDLR. 

To determine the ability of this exogenous gene product 
to bind and internalize VLDL, BeWo cells were incubated 
with DiMabeled VLDL. Cells infected with Ad.CMV VLDLR 
were capable of accumulating increased amounts of Dil- 
labeled VLDL as determined by fluorescence microscopy 
(Fig. 3). The internalized Dil-labeled VLDL particles were 



FIG. 2. Detection of VLDLR by immunohistochemistrY in BeWo cells transduced 
by Ad.CMV VLDLR (A) or Ad.CMV/acZ (6) using an antiserum directed against hu- 
man VLDLR. C) A negative control in which the antiserum was omitted. 
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FIG. 3. BeWo cells were infected with 4 x 10 4 particles per cell of Ad.CMWZ.0U? (a, b, c, d, g, h) or Ad.CMV/ac2(e, f). After 48 h 
the cells were incubated with DiMabeled VLDL (60 ng/ml) (a, b, e, f) or DiMabeled VLDL (60 ug/ml) with unlabeled VLDL (50 jig/ml) 
(c, d) or without added labeled VLDL (g, h). BeWo cells transduced with Ad.CMVW.DL/? showed greater accumulation of Dil-labeled 
VLDL than in Ad.CMV/acZ-infected cells, and addition of unlabeled VLDL reduced uptake of the Dil-labeled lipoprotein. Phase 
contrast and corresponding fluorescent microscopy are shown. 



observed to collect in endosomes in a punctate pattern. The 
uptake of labeled VLDL was diminished in the presence of 
unlabeled VLDL, indicating a saturable and specific uptake 
mechanism. Only modest levels of Dil-labeled VLDL were 
taken up by BeWo cells infected with Ad.CMV/acZ The ac- 
cumulation of Dil-labeled VLDL particles in these cells is 
probably caused by the binding of Dil-labeled VLDL to en- 
dogenous VLDLR and possibly low density lipoprotein re- 
ceptors (LDLR). These findings demonstrate that the recom- 
binant Ad vector can direct expression of a functional 
plasma membrane receptor potentially involved in placen- 
tal nutrient uptake. 

Differentiation-Dependent Transduction Efficiency of 
Trophoblast Cells 

Freshly isolated cytotrophoblast cells were readily trans- 
duced by Ad.CMVtacZ, as determined by X-gal staining 
(Fig. 4). The transduction efficiency of freshly isolated cy- 
totrophoblast cells was comparable to that observed with 
the two choriocarcinoma cell lines. However, over time in 
culture, the transduction efficiency was markedly reduced. 
The reduction in transduction efficiency occurred concom- 
itantly with the terminal differentiation of the mononucleate 
cytotrophoblasts into multinucleated syncytial trophoblast 
cells. 

There was no change in the transduction efficiency of ei- 
ther BeWo or JEG-3 cells by Ad.CMV lacZ during 96 h of cul- 
ture, as determined by the X-gal reaction (data not shown). 
The addition of 1.5 mM 8-bromo-cAMP to the culture me- 
dium induced BeWo cell fusion, which was initially observed 



after 24 h and was extensive after 48 h. As differentiation into 
syncytial structures progressed, there was a marked reduc- 
tion in the number of cells that stained blue (Fig. 5). In con- 
trast, the addition of the cAMP analog to JEG-3 cells had no 
effect on cell fusion and did not alter the transduction effi- 
ciency of these cells by Ad.CMV/ocZ(Fig. 5). 

Differentiation-Dependent Transduction Efficiency of 
Choriocarcinoma Cells Appears to Be Caused by a 
Reduction in Infectivity 

Southern blot analysis, used to examine DNA samples 
prepared from BeWo cells transduced with Ad.CMV lacZ in 
the presence or absence of cAMP, demonstrated that a sin- 
gle band of 3.5 kb, corresponding to the LacZ gene, was 
present in all the samples analyzed (Fig. 6). Increased levels 
of the LacZ gene were detected in BeWo cells infected with 
Ad.CMV lacZ in the absence of cAMP for 24 h. In contrast, 
cells cultured in the presence of cAMP did not exhibit in- 
creased levels of the LacZ gene after exposure to the Ad 
vector for the same amount of time. 

Although treatment with 8-bromo-cAMP markedly di- 
minished BeWo cell transduction by Ad.CMV/«cZ, the cAMP 
analog did not alter transfection efficiency of either BeWo 
or JEG-3 cells with the plasmid pAd.CMV lacZ t in which the 



FIG. 4. Expression of p-gal in isolated human cytotrophoblasts after infection with 
4 x 10 4 particles per cell of either Ad.CMVW.Di.ff (A) or Ad.CMV/acZ (B-D). Cells 
were cultured for 12 h (A and B), 36 h (Ch or 60 h (D) before infection with the Ad 
vectors. Forty-eight hours after infection, the cells were fixed and stained with 
X-gal. 



ocST AVAILABLE COPY 



688 



MacCALMAN ET AL 



B 



BeWO 



JEG-3 




-at*- *, 



FIG. 5. Expression of p-gal in B «Wo ceils {upper row) and JEG-3 cells {lower row) after transduction by Ad.CMV lacZ{4 x 10 4 
particles per cell). Cells were cultured in the presence of 8-bromo-cAMP 0.5 mM) for 0 h (column A), 24 h (column B), or 48 h 
(column C) before infection with the Ad vector. Forty-eight hours after infection, the cells were fixed and stained with X-gal. 



LacZ gene is under the control of the same CMV promoter 
used in the recombinant Ad vectors (Fig. 7). 

DISCUSSION 

Recombinant Ad have been used to transfer genes into 
terminally differentiated cells of adult tissues, including 
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FIG. 6. Left) Autoradiogram of a Southern blot containing aliquots (40 pg/lane) of 
DNA extracted from Be Wo ceils cultured for 24 h in the absence (lanes A and C) or 
presence (lanes B and D) of 8-bromo-cAMP (1.5 mM) prior to exposure to 4 x 10 4 
particles per cell of Ad.CMV/acZ Cells were harvested immediately (ianes A and B) 
or 24 h {lanes C and D) after exposure to the Ad vector. The blot was probed with 
a cDNA fragment prepared from pAd.CMV/acZ Right) Photograph of the ethidium 
bromide-stained gel prior to Southern transfer. 



those of the central nervous system. Our findings demon- 
strate that it is possible to use a replication-deficient Ad vec- 
tor to transfer and express exogenous genes in cytotropho- 
blast cells and choriocarcinoma cells in vitro. However, the 
transduction efficiency of these trophoblast cells by recom- 
binant Ad vectors is dramatically reduced as the cells 
undergo terminal differentiation. Thus, there must be cell 
lineage-specific factors that regulate susceptibility to Ad- 
mediated transduction. These findings are consistent with 
the recently described differential efficiency of Ad-mediated 
gene transfer into skeletal muscle cells of different maturity 
[12, 131. In these studies, recombinant Ad vectors were ca- 
pable of efficiently transducing myoblasts but not myocytes. 

The transduction efficiency of the human Ad is depen- 
dent on its infectivity for the target cell and the transcrip- 
tional/translational efficiency of the exogenous gene. In or- 
der to define the factor(s) that may be responsible for the 
reduced transduction efficiency of the recombinant Ad in 
differentiated trophoblast cells, we transfected BeWo and 
JEG-3 cells with an Ad plasmid containing the LacZ gene 
and the same CMV promoter used to drive gene expression 
in the recombinant Ad vectors. As determined by the X-gal 
reaction, the transfection efficiency of this plasmid was not 



FIG. 7. Expression of p-gal in BeWo celts (A and B) and JEG-3 cells (C and D) after 
transfection by pAd.CMVtec Z Cells were cultured in the presence of 8-bromo- 
cAMP {1.5 mM) for 0 h (A and 0 or 48 h (B and D) before transfection with 
pAd.CMV/acZ Forty-eight h after transfection, the cells were fixed and stained with 
X-gal. 
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affected by cellular differentiation. To detect changes in the 
infectivity of the Ad vectors after cellular differentiation, we 
used Southern blot analysis to determine the number of 
copies of the LacZ gene in cells that had been transduced 
by Ad.CMVZtfcZ. As expected, the number of gene copies 

• was high in cells not treated with cAMP that are readily 
transduced by the Ad vectors. However, the number of cop- 
ies of the LacZ gene did not increase in Be Wo cells that had 

• undergone cAMP-induced differentiation. These results 
suggest that the reduced transduction efficiency of the Ad 
vectors following cellular differentiation is caused, at least 
in part, by a diminished infectivity. Taken together, the re- 
sults suggest that trophoblasts cells lose the ability to inter- 
nalize viral particles but are still capable of processing ex- 
ogenous genetic material after terminal differentiation. 

Entry of the human Ad into host cells is believed to in- 
volve the interaction of virus particles with two distinct re- 
ceptors [351. The initial binding event is mediated by a cell 
surface receptor that is as yet unidentified, while subse- 
quent internalization/penetration of the virus is thought to 
be mediated by the interaction of the viral coat with alpha- 
v and beta-5 integrin subunits. Although these interactions 
have been documented for blood cells 1351, skeletal muscle 
[131, and some epithelial cell lines [36, 37], it is not clear 
whether or not these events occur during Ad infection of 
other tissues. Recent studies have demonstrated that the al- 
pha-v and beta-5 integrin subunits are expressed in both 
cytotrophoblast cells and syncytial trophoblasts in vitro 
(38, 39]. In addition, the infectivity of ovarian and mesothe- 
lial cancer cell lines does not appear to be dependent on 
the expression of alpha-v integrin subunits [191. Taken to- 
gether, these observations suggest that the internalization of 
Ad particles is complex and that it is likely that a change in 
expression of the alpha-v integrin subunit is not the cause 
of the reduced transduction efficiency observed in both 
c AMP -treated Be Wo cells and normal syncytial trophoblasts 
in vitro. Although entry of the Ad vectors into the tropho- 
blast cells may be the key process controlling transduction, 
it is not possible for us to determine whether or not alter- 
ations in other intracellular mechanisms involved in the pro- 
cessing of viral particles [40], such as the stepwise disassem- 
bly of viral proteins within endosomes or the transport of 
the genetic material to the nucleus, also contribute to the 
reduced transduction efficiency of the Ad vectors in differ- 
entiating trophoblasts. 

The syncytial trophoblast of the placenta serves as the 
first line of defense of the fetus against maternal viremia. 
The infectibility of human and animal placental cells by Ad 
has been examined by others. Freund et al. [41] reported 
that type 2 Ad can infect dispersed human placental cells in 
culture. However, the type of cell infected (i.e., cytotropho- 
blast cells, syncytial trophoblasts, or nontrophoblast cells) 
was not determined in that study. In contrast, Rosztoczy et 
al. [421 and Sweet et al. [431 found that neither human nor 



guinea pig placental explants were susceptible to Ad infec- 
tion. These latter reports are consistent with our findings 
that differentiated trophoblast cells are not transducible by 
recombinant Ad. Recent studies have demonstrated that the 
human trophoblast is not permissive to infection by a num- 
ber of other viruses in vitro and in vivo. For example, cy- 
totrophoblast cells and syncytial trophoblasts exhibit re- 
stricted permissiveness for human immunodeficiency virus 
type 1 [44, 45] and human CMV [46]. In addition, vaccinia 
virus and herpes simplex virus replication is slow and to 
low titers in trophoblast cells compared to placental fibro- 
blasts and malignant transformed trophoblast cells [47, 48]. 

The mechanism(s) by which the trophoblast cells regu- 
late viral infection remains poorly characterized. However, 
there is some evidence to indicate that low levels of viral 
receptor proteins expressed on the surface of trophoblast 
cells may account for some of these observations [44, 49]. 

Our results suggest that maternally administered recom- 
binant Ad will not be useful for gene therapy of the placenta 
and fetus. Indeed, in preliminary experiments performed in 
pregnant mice and rats, we have found negligible expres- 
sion of LacZ in the placenta after intravenous or intrauterine 
arterial injection of Ad.CMV/acZ in late pregnancy. How- 
ever, LacZ expression was detected in the maternal liver in 
these experiments. 

Ad infection of the fetus and neonate is a rare and gen- 
erally fatal condition [50]. Although several mechanisms of 
infection have been proposed, the results of this study in- 
dicate that the syncytial trophoblast of the placenta presents 
an effective barrier against Ad infection in utero. Overriding 
this barrier by injecting Ad into the amniotic fluid of rodents 
and sheep has been recently shown to cause epithelial hy- 
perplasia and squamous metaplasia and to trigger a dra- 
matic immune response in the fetus [51]. 

In summary, we have demonstrated that the syncytial 
trophoblast of the human placenta is resistant to Ad-medi- 
ated gene transfer in vitro. However, cytotrophoblast cells 
and presumably the trophectoderm of the blastocyst are 
susceptible to Ad-mediated transduction. That differenti- 
ated trophoblast cells are relatively resistant to Ad-mediated 
gene transfer while transfection efficiency with plasmids is 
retained suggests that differentiation affects Ad infectivity. 
Hence, our results provide insight into the protective barrier 
provided by the trophoblast layer against viral infection. 
They also suggest useful systems (i.e., BeWo cells and dif- 
ferentiating cylotrophoblasts) with which acquired resis- 
tance to Ad transduction/infection can be explored. 
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